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S U M M A R  Y 

Extract ion of the herb  Ledum palust re  with liquefied carbon dioxide and Khladon-11 has yielded 10 indi- 
vidual substances belonging to var ious  c lasses  and var ious groups of organic compounds: hydrocarbons ,  a l -  
cohols,  ketones,  monoterpenes ,  sesqui terpenes ,  and flavonoids. 
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S O M E  B A C T E R I C I D A L  P R O P E R T I E S  OF O L I G O P E P T I D E S  

A N D  R E G U L A R  P O L Y P E P T I D E S  I N C L U D I N G  L Y S I N E  

A N D  O R N I T H I N E  R E S I D U E S  
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Histones take par t  as r e p r e s s o r s  in the regulation of gene activity,  which is determined by the i r  chemical  
nature:  a high content of lysine and arginine.  It is possible that the appreciable  bac ter ic ida l  act ivi ty of histones 
in re la t ion to var ious microbes  of the coli group and micrococc i  is also connected with this c i r cums tance  [1]. 
The ant imicrobial  mechanism of the action of histories has not yet  been studied, but in view of thei r  polycat ion- 
exchange p roper t i e s  it may be assumed  that they a re  capable in some way of deforming membrane  s t ruc tu res  
in mic roorgan i sms  and of being nonspecific r e p r e s s o r s .  

.Still more  pronounced bac ter ic ida l  p roper t ies  in re la t ion to cer ta in  bac te r i a  a re  possessed  by poly(a- 
amino acid)s containing lysine and arginine res idues ,  and also their  copolymers .  Thus,  copolymers  containing 
ornt thine,  lysine,  and arginine res idues  a re  active compounds not only for E. coli but also for  Staphylococcus 
aureus  [1]. The most  act ive known ant ibacter ial  eopolymer  is a copolymer  of leucine and orni thine in a ra t io  
of 1 :1 .  Its act ivi ty is 5 p g / m l  [2]. The polypeptide H-(Leu-Orn-LeU)n-OH posse s se s  a s imi la r  act ivi ty  [2]. 

The impress ion  has been c rea ted  that bac ter ic ida l  proper t ies  depend on the p r i m a r y  s t ruc tu re  of the 
polypeptide. To investigate this question we have obtained a se r i e s  of 01igopeptides containing lysine res idues  
and have used regula r  polypeptides obtained previously ,  the synthesis  of which has been descr ibed  e l sewhere  
[3-5]. The minimum concentrat ions of the oligo- and polypeptides possess ing ant ibacter ia l  p roper t ies  'are given 
below, all the other  polypeptides possess ing  ant ibacter ia l  activity at concentrat ions g r ea t e r  than 10 mg/ml :  
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Bactericidal 
Oligopeptides and Mean molecular weight of Activity of the 
regular polypeptides : the polypeptide compound, 

mg/ml 
H-Ly%-OC Ha -- 5,0 
H - Ly ss-OC H3 -- 2,5 
H-AIa-Lys4-AIa-OCH3 10,0 
H-AIa-Lyss-AIa-OCH 3 -- _ 
H-(Lys-Ala2).-OH -- _ 

H-(Lys- Ala2)n-OH - __ 

H-(Lys2-Ala). -OH -- __ 

H-(Lys2-Ala~)" -OH -- _ 

H-(L~ s3-AIa). -OH -- -- 

H-(Alaa-Lys). -OH -- - 
H-(Lys:Pro)n -OH 5,803 12,85 
H-(Lys-Pro2) n -OH 4, 50~) 1.43 
H-ILys2-Pro )n -O H 1.490 1.95 
H-(Lyss-Pro), OH 5.000 0.67 
H-(Gly-Pro-Lys ). -OH -- -- 

H-(Lys-Gly2)" -OH -- -- 
H-(Lys2-(31Y2)" -OI-I -- -- 

H-(Lys3-GIy), -OH 3.000 0.68 
H-( Ornz-Gly)n -OH 3.000 0.62 
H-(Orn2-Ala~)" -OH 5,000 5,0 
H-(Orn2-Gly2)" -OH 

It follows f r o m  the f igures  given that the activi ty of the ol igo- and polypeptides that we have obtained in 
re la t ion  to St. aureus  is lower than the act ivi ty given by Fr icken  et al. [2]. 

Since we had available a set of r egu la r  polypeptides with var ious  amounts of lysine, ornithine,  proline, 
alanine, and glycine res idues ,  this enabled us to detect a charac te r i s t i c  dependence of bacter ic idal  proper t ies  
on their  amounts and positions. We have established that an increase  in the amount of lysine res idues  in the 
ol igo-  and polypeptides leads to a r i s e  in ant imtcrobial  activity. It is obvious that an important  ro le  is played 
by aliphatie amino-ac id  res idues .  Thus, while the polypeptide H-(Lys3-Ala)n-OH does not suppress  the growth 
of St. aureus  in a concentrat ion of 10 mg /ml ,  when the alanine res idue  is rep laced  by a proline or  glycine r e s i -  
due the act ivi ty r i s e s  to 0.68 m g / m l  (compounds 14, 18). 

Thus, it may be concluded that proline res idues  play an ext remely  important  ro le  in the manifestat ion of 
bao te r io ida lp rope r t i e s .  So far  as concerns  glycine and alanine res idues ,  no charac te r i s t i c  features  whatever 
have been observed  in their  influence. 

There  is no doubt that such compounds may prove to be ve ry  interest ing chemotherapeut ic  agents,  and it 
is not excluded that the choice of appropriate  amino-ac id  sequences will considerably  enhance the biological 
act ivi ty and broaden the spec t rum of their  action. 

E X P E R I M E N T A L  

The methyl e s t e r s  of the oligopeptides were  obtained in the following way. Dry hydrogen bromide  was 
passed for 40 minutes through a solution of 1 g of the methyl es ter  of an a - t e r t - b u t o x y c a r b o n y l - N a - b e n z y l o x y -  
carbonylpeptide in 20 ml of glacial  acetic acid. Then the react ion product was precipi ta ted with ether,  f i l tered 
off, and reprec ip i ta ted  f r o m  ethanol with ether 3-4 t imes ,  af ter  which the solid res idue  was t r i tura ted  with 
hexane, f i l tered off, and dried over  caust ic  soda. 

In o rde r  to f ree it f r o m  hydrogen bromide ,  the hydrobromide of the methyl es te r  of the peptide was dis-  
solved in ethanol and the solution was passed through a column (14 × 100 ram) containing IRA-401 ion-exchange 
re s in  in the OH- form.  The solution was evaporated and the res idue  was t r i tura ted  with ethane and with hexane. 

The puri t ies  of the compounds obtained were  checked by paper e lee t rophores is .  The completeness  of the 
r emova l  of the s ide -cha in-pro tec t ing  Ne-benzyloxycarbonyl  groups was determined spec t rographica l ly  at 258 
rim. 

Determinat ion of the Bacter ic idal  Proper t ies  of the Oligo- and Polypeptides. A weighed sample (20 rag) 
of an oligopeptide or  a polypeptide was dissolved in 5 ml of distilled water .  Then twofold dilutions of the sub- 
s tances with broth giving fac to rs  of 2, 4, 8, 16, etc.,  were  prepared.  As the s t ra in  to be inhibited we used f r e sh  
Staphylococcus aureus  with all its pronounced cha rac te r i s t i c s  of pathogenicity. The experiments  were  ca r r i ed  
out with an agar  culture incubated in a the rmos ta t  at 37°C for 18 h. The microbial  suspension was diluted with 
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physiological  solution to a concentra t ion of 200,000 mic rob ia l  ce l l s  per  ml,  and 0.2 ml  of it was added to the 
working solution and also to a contro l  cul ture  (meat-peptone broth  and the above-ment ioned  concentra t ion of 
the culture) .  The inoculated p repa ra t ions  were  incubated in a t h e r m o s t a t  at 37°C for  18 h and the growth of the 
incubated cul ture  was examined.  

S U M M A R Y  

Oligopeptides and polypeptides of the sequences  Lyss_ , Ala -Lys4-Ala  , Lyss_ , Orn rAla~-  , Lys~-I~ro - ,  
Lys3-Gly-  , Orn~-G1y-, Lys- l~zo- ,  L y s - l ~ o 2 -  , Lysy-l~zo-,  Lyss-A1a- pos se s s  bac te r ic ida l  p r o p e r t i e s  in r e l a -  
tion to a s t ra in  of t h e  b a c t e r i u m  Staphylococcus aureus .  

It has  been  shown that  with an inc rease  in  the amount of lysine and orni thine r e s idues  in the polypeptide 
chain the bac te r i c ida l  p rope r t i e s  inc rease ;  prol ine  r e s idues  play a f t tadamental  pa r t  in the manifes ta t ion of 
these  p rope r t i e s .  
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